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EVALUATION OF SUBSURFACE DRAIN INSTALLATION METHODS 
USING WATER TABLE AND DRAIN OUTFLOW DATA 
M. S. Mirjat, R. S. Kanwar 
STUDENT MEMBER MEMBER 
ASAE ASAE 
ABSTRACT 
The performances of subsurface drains installed by two 
different methods (trench and trenchless) were compared 
using water table depths for two different periods (1980 
through 1984 and 1990 through 1991). Data were gathered 
from a long-term study conducted at Iowa State 
University's Northeast Research Center at Nashua, Iowa. 
Drain installation methods were also evaluated by using the 
drain outflow data for 1990 and 1991. 
Water tables above subsurface drains installed by the 
trenchless method were significantly higher during the 
early part of the study period (1980-1983) than those above 
the subsurface drains installed by the trench method. After 
10 years (1990-1991), there was no significant difference 
between water table heights above the subsurface drains 
installed by the trench and trenchless method. 
Two years (1990 and 1991) of subsurface drain outflow 
data show that the trench method drained water at a slightly 
higher rate during the growing season of 1990. A similar 
trend was observed during the initial months of the 1991 
growing season. However, during the later part of the 1991 
growing season, the two drain installation methods drained 
at about the same rate. Statistical analysis of drain outflow 
data showed no significant difference at the 0.05 level 
between the means of the two installation methods. 
KEYWORDS. Drainage, Subsurface drains. Water table. 
INTRODUCTION 
Most poorly drained soils of the midwestem United States and of temperate regions around the world need artificial drainage to obtain desired water 
table drawdown. Subsurface drainage systems were first 
installed on a large scale in the temperate zones of the 
world, especially in North America, Europe, and the Soviet 
Union (Ziglstra and van Someren, 1980); but during recent 
decades, drainage techniques in combination with irrigated 
agriculture have been widely used in arid and semi-arid 
zones. 
In the United States, subsurface drainage with buried 
drain tubing is concentrated in the Midwest: Iowa, Illinois, 
Indiana, and Ohio each have over 1 million ha of such 
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tubing. Pipes usually are installed by either the trench 
method or trenchless method. The trench method requires 
soil excavation and backfill operations. An open ditch at 
the required depth is dug with a high speed chain or wheel 
trencher, and the drain pipe is laid on the floor of the 
trench. For the trenchless method of drain installation, a 
tunnel at the required depth is made in the soil by a plow 
without soil excavation, and plastic tubes are placed in the 
tunnel. The plow blade is designed to lift and split the over 
burden soil as it moves forward, and the tubing is fed 
behind the plow blade before the soil falls back around the 
tubing. The trench method was the accepted way to install 
subsurface drains for centuries, but with the development 
of the laser grade control systems, the faster, trenchless 
method of installing drains has received wide acceptance in 
many parts of the world (Eggelsman, 1979; Fouss, 1982; 
Goering et al., 1980; Naarding, 1979; Olesen, 1979). 
A question concerning subsurface drain installation that 
contractors and farmers are asking is whether the 
performance of plastic drains differs between methods of 
installation. A limited number of field experiments have 
been conducted to compare the subsurface drain 
performances between trench and trenchless installation 
methods, but the results are inconclusive. Naarding (1979) 
and Olesen (1979) reported poorer drain performance and 
higher water tables after trenchless installation on finer 
textured soils; Eggelsman (1979) reported the opposite, 
attributing differences in performance to differences in soil 
conditions near the pipe. 
Vittetoe and Gamer (1978) presented the results of a 
field evaluation of the flow performance of 209 subsurface 
drainage systems installed by either the trench or the 
trenchless method. Systems installed with the trenchless 
method were discharging lower drain flow than were 
systems installed with the trench method. Kanwar et al. 
(1986) also found a significant difference between the 
performances of two drain installation methods five years 
after installation and reported that subsurface drains 
installed with the trenchless method maintained higher 
water tables in agricultural fields than did drains installed 
with the trench method. On the other hand, Eggelsman 
(1979) studied the performance of installation methods on 
marine silty clay soil five years after installation and found 
little difference in terms of discharge performance between 
trench and trenchless installations. But to this date no long-
term study compared the effects of subsurface drain 
installation methods on drainage system performance. 
Therefore, the main objective of this study was to 
determine the effects of subsurface drainage installation 
methods on both daily water table fluctuations and 
subsurface drain outflows. 
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EXPERIMENTAL PROCEDURE 
EXPERIMENTAL SITE 
The experiments were conducted at the Iowa State 
University's Northeast Research Center at Nashua, Iowa, 
in Floyd County. The study site was a predominantly 
Kenyon loam soil in the Kenyon-Floyd-Clyde soil 
Association (Kanwar et al., 1986). Kenyon soils are gently 
sloping and moderately well-drained, with a thick, dark, 
loamy surface layer and a high available water holding 
capacity. Some of the pertinent physical properties of 
Kenyon loam soils were determined in the laboratory and 
are given in Table 1. Topographic features of the 
experimental site are shown in figure 1. 
EXPERIMENTAL SET-UP 
Corrugated plastic drains 102 mm in diameter without 
filter material were installed in the fall of 1979 by means of 
two methods. A HOES trenchless drain plow (TITAN 623 
model with a 228-mm flat blade and a 152-mm tubing 
guide box) and a HOES chain trencher (GIGANT 685 
model with a 290-mm chain width and a 254-mm tubing 
box) were used to install the drain lines. The drains were 
installed at a depth of 1.2 m and spaced 24 m (80 ft) apart. 
Subsurface drain lines were arranged in four groups with 
three drains in each group. Two groups of drains were 
installed with the trench method and two groups were 
installed with the trenchless method. The groups of drains 
were alternated across the landslope (fig. 1). This 
arrangement, shown in figure 1, allowed drain outflow and 
water table measurements to be made relative to the middle 
drain line for each method and allowed better isolation 
between installation methods. A total of four middle drain 
lines (two for each method of installation) were selected 
for extensive monitoring during the growing season 
(March through November) so that the effects of the 
installation methods on both water table heights and drain 
outflows could be compared. 
WATER TABLE MEASUREMENTS 
Thirty observation wells (16 mm diameter, 1.5 m long 
plastic pipes with open bottoms and perforated sides) were 
installed in groups of three on both sides of four drain lines 
(fig. 1). These observation wells were installed to a depth 
T A B L E 1. Physical properties of Kenyon soil at experimental site 
around two subsurface drain installation methods 
County Gravel Road 
Depth 
(cm) 
0- 15 
15- 45 
45- 75 
75-100 
0- 15 
15- 45 
45- 75 
75-100 
Sand 
(%) 
38.3 
43.5 
44.5 
57.9 
32.7 
35.9 
40.0 
42.0 
Particle Size 
Co. Silt Fi. Silt Qay 
(%) (%) (%) 
Trench Method 
17.5 22.5 21.7 
16.3 18.7 21.5 
14.6 17.2 23.7 
11.6 11.6 18.9 
Trenchless Method 
19.7 24.3 23.3 
17.4 21.4 25.3 
14.7 17.4 27.9 
14.5 17.7 25.8 
Bulk 
Density 
1.51 
1.35 
1.50 
1.62 
1.42 
1.54 
1.69 
1.74 
PH 
5.5 
5.4 
5.9 
6.2 
5.3 
5.4 
5.8 
6.3 
- Trenchless Drains 
- Trenched Drains 
Observation Wells 
Drain sump with flow metering system 
Drain Interception Point 
. 5cm dia. Solid PVC Pipe 
Figure 1-Topographic map of the experimental site and layout of the 
subsurface drainage systems at the Northeast Research Center, 
Nashua, Iowa. 
of 120 cm below the ground surface, at distances of 3, 6, 
and 12m from the selected drain lines (fig. 1). 
Data on water table heights were collected once a week 
during the growing season (March through November) 
from 1980 to 1991. A hand probe was used to measure 
water levels in the observation wells. As a result of surface 
elevation differences between wells, data on water tables 
were referenced to a common elevation. Elevations of 
observation wells were determined with an engineer's 
level. 
Water table measurements were taken at distances of 3, 
6, and 12 m from the drain line to study the effect of drain 
installation methods on water table fluctuations during the 
growing season. Water table position at midspacing is 
supposed to be an appropriate parameter with which to 
compare the performances of subsurface drainage systems; 
the data on water table heights at midspacing for two 
periods (1980 through 1984, immediately after installation; 
and 1990 through 1991, 10 years after installation) were 
used to compare performances of two systems. Data on 
water table heights for the period 1980 through 1984 were 
taken from Kanwar et al. (1986). Data for the period 
between 1990 and 1991 on water table heights were 
measured in five observation wells at midspacing (fig. 1). 
For each drain installation method, therefore, each value is 
an average of five observations. 
DRAIN OUTFLOW MEASUREMENTS 
Four middle drain lines (two replications for each 
installation method) were intercepted at the end of the plot 
and connected to solid 50-mm diameter PVC pipes. These 
solid pipes were brought to a central location where they 
were connected to individual sumps (430-mm diameter 
PVC pipe) for measuring subsurface drainage (drain flow). 
Each drain sump was equipped with a 110-V effluent 
pump and a water flow meter to record outflow on a 
continuous basis. Drain outflow data were collected during 
the growing seasons of 1990 (March through November) 
and 1991 (March through August). 
1484 TRANSACTIONS OF THE ASAE 
RESULTS AND DISCUSSION 
EFFECTS OF DRAIN INSTALLATION METHODS ON 
WATER TABLE HEIGHTS 
Water table heights at mid-drain spacing under two 
methods of drain installation for 1980-1981, 1982-1984, 
and 1990-1991 are shown in figures 2, 3, and 4, 
respectively. These figures clearly show differences 
between the performances of the two drain installatioh 
methods. The two drainage systems evidently have similar 
patterns of response and were effective in lowering water 
tables within a reasonable time. Figures 2 and 3 illustrate 
that the drains installed by the trenchless method tended to 
maintain higher water tables throughout the growing 
seasons of 1980 through 1984. 
Figure 4 shows the data on water table heights for the 
1990 and 1991 growing seasons. Differences between 
water table heights, as affected by the installation method, 
still exist but decreased steadily from 1980 to 1991. Thus, 
performance of the drainage system installed with the 
trenchless method has improved significantly 10 years after 
installation. These findings are in agreement with those of 
Olesen (1979), who reported that differences between drain 
installation methods were reduced with time and that the 
efficiency of the trenchless method was about 80% that of 
the trench method at the end of the five-year study period. 
Oayoftheyear 
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Figure 2-Daily rainfall and water table heights at midspacing under 
two installation methods for 1980 and 1981. 
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Figure 4-Daily rainfall and water table heights at midspacing under 
two installation methods for 1990 and 1991. 
This increase in drainage efficiency in the trenchless 
method of installation could be attributed to the gradual 
improvement of the soil structure. 
Figures 5 and 6 show water table heights 3 and 6 m 
from drain lines for both installation methods for the 1990 
and 1991 growing seasons, respectively. At both distances, 
the fluctuations in the water tables were similar to those at 
midspacing. At both distances (3 and 6 m), the water tables 
from drains installed with the trenchless method were 
higher than those where the drains were installed by trench 
method. Table 2 gives monthly averages of water table 
heights 3, 6, and 12 m from the drains for the 1990 and 
1991 growing seasons. Data in Table 2 shows that the 
water table heights in plots where drains were installed by 
the trenchless method were higher than in plots where 
drains were installed by the trench method. 
Figures 7a and 7b give the overall monthly averages of 
water table heights under both trenchless and trench 
installation methods for the periods 1980 through 1984 and 
1990 through 1991, respectively. According to these data, 
the trenchless method of drain installation maintained a 
water table of 5 to 17 cm higher than did the trenched 
method for 1980 through 1984, and a water table of 2 to 
4 cm higher for 1990 and 1991. Thus, differences between 
water table heights for the two methods of installation had 
been reduced after 10 years. If this trend continues, the two 
systems eventually might lower water table heights at the 
same rate. 
4/1 5/1 8/1 7/1 8/1 9/110/111/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 
.hWi''f'i^' 1 ^ •''rf|f|'''T'FlT|' 
i 
i 1 '^ " 
J. i 1 iS:, 1 1 /r-k. 
4/1 5/1 6/1 7/1 8/1 9/1 10/111/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 
l 2 0 
I = 
rrj] 
4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 
Figure 3-Dafly rainfall and water table heights at midspacing under Figure 5-Daily rainfall and water table heights at a distance of 3 m 
two installation methods for 1982,1983, and 1984. from drain line under two installation methods for 1990 and 1991. 
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Figure 6-Daily rainfall and water table heights at a distance of 6 m 
from drain line under two installation methods for 1990 and 1991. 
Oct Nov 
Figure 7a-Rainfall and water table heights for 1990-1991 period. 
A comparison was made of water table heights by 
calculating the standard error and the average deviation for 
the two study periods. The calculated values of these two 
statistical parameters are shown in Table 3. Statistically, 
the average deviation and the standard error are indicators 
of differences between water table heights among 
treatments. The standard error ranged from 7 to 19 cm for 
the years 1980 through 1984, and from 1 to 5 cm for the 
years 1990 and 1991. The average deviation between the 
two water table heights ranged from about 5 to 15 cm for 
the years 1980 through 1984 and 2 to 6 cm for the years 
1990 and 1991. 
An analysis of variance in water table heights was 
performed for the entire data set to determine differences 
between means of the two installation methods as a 
function of time and to compare means of the two 
installation methods for individual years. Overall means of 
TABLE 2. Average monthly water table heights (cm above drain) 
of the two subsurface drain installation methods for 
two growing seasons'" 
Month 
April 
May 
June 
July 
August 
September 
October 
November 
April 
May 
June 
July 
August 
3(m) 
2.46 
21.56 
31.91 
44.02 
26.67 
17.62 
11.79 
6.64 
24.69 
14.48 
13.16 
435 
2.44 
Trench 
] 
6(m) 
2.83 
24.26 
36.01 
45.75 
31.25 
18.21 
12.19 
6.19 
28.01 
17.85 
16.81 
7.70 
3.35 
Distance 
12(m) 
2.86 
25.98 
42.20 
49.43 
37.02 
23.99 
14.04 
7.49 
30.71 
20.25 
18.93 
7.51 
4.06 
from 
1990 
1991 
theDra 
3(m) 
3.98 
23.47 
36.20 
46.70 
29.98 
21.59 
13.63 
5.71 
26.15 
15.16 
15.89 
6.09 
3.19 
Trenchless 
in 
6(m) 
5.00 
27.28 
41.94 
48.82 
36.20 
23.90 
17.32 
6.91 
29.32 
19.48 
17.61 
7.99 
3.60 
12 (m) 
7.13 
29.29 
48.49 
51.28 
41.17 
28.94 
21.36 
9.86 
32.63 
22.97 
20.36 
8.19 
5.46 
* Each value is an average of five measurements at the midpoint 
between two similar subsurface drains (either trench or 
trenchless). These values are the averages of the data for all 
observation days in the month. 
Figure 7b-Rainfall and water table heights for 1980-1984 period. 
29.8 cm and 21.3 cm for water table heights for trenchless 
and trench methods, respectively, were significantly 
different at the 0.05 level (Table 4). From Table 4 it is clear 
that the trend of differences between means decreased with 
time. It is also clear that means for years 1980 through 
1983 were different at the 0.05 level, whereas means for 
years 1984,1990, and 1991 are not. 
The data on water table heights for 1990 and 1991, as 
influenced by method of installation were also subjected to 
linear regression analysis. Figure 8 shows a relation 
between water table heights for subsurface drainage 
systems installed by the trenchless and the trench methods. 
The coefficient of correlation is 0.98. The relation between 
the two table water heights can best be described by 
developing a linear regression model for the data shown in 
figure 8 
(WTH)trenchless method = 2-44 + 1.05 (WTH)trench method 
where WTH is the water table height above the drain at 
midspacing in centimeters. A dashed line with a slope of 
1:1 (a line passing through the origin) is also shown in 
figure 8. Two straight lines in this figure (a line with a 
slope of 1.05 and a dashed line with a slope of 1:1) were 
compared statistically, and as determined by t- and f-tests, 
were not significantly different at the 0.05 level. The 
previous study conducted by Kan war et al. (1986) with five 
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TABLE 3. Average deviation and standard error for 
two periods (1980-1984 and 1990-1991) of data on 
observed water table depths under two subsurface drain 
installation methods 
Number of Average Eteviations Standard Error 
Year Obs. (cm) (cm) 
1980 
1981 
1982 
1983 
1984 
1980-1984* 
1990 
1991 
1990-1991 
39 
35 
35 
35 
35 
179 
35 
22 
57 
14.3 
10.3 
11.8 
15.0 
4.9 
11.3 
5.4 
5.4 
3.4 
16.3 
11.6 
13.9 
18.8 
7.5 
14.2 
4.7 
1.6 
3.2 
* Values for 1980-1984 were taken from Kanwar et al. (1986). 
years (1980 through 1984) of water table height data at the 
same location gave the slope of the regression line as 
1.22—significantly different at 5% probability from a line 
with a slope of 1:1 line. Performance of subsurface drains 
installed by the trenchless method have improved and now 
are performing as well as drains installed with a trencher. 
These improvements can be attributed to a gradual 
improvement of soil structure, which was disturbed by the 
trenchless method installation. 
EFFECT OF DRAIN INSTALLATION METHODS ON 
SUBSURFACE DRAINAGE 
The drain outflow measurements were made only for 
the growing seasons of 1990 and of 1991. Table 5 gives 
drain outflows in cm and as a percentage of rainfall for 
various months of 1990 and 1991. Data given in Table 5 
for the year 1990 shows a similar pattern of response on 
drain outflow and indicate that both methods were effective 
in draining water. Although, these data show slightly 
higher drain outflows for the trench method, but the 
differences were not statistically significant. For 1991, 
trends in drain flows were similar to that of 1990. 
TABLE 4. Analysis of variance for comparing water table heights 
and drain outflow of trench and trenchless 
-
Predicted 
1:1 line 
^ y^ ^"'^ 1 
-
2 y^^ ^ 
R =0.98 y^^ ^ ^ 
ar M M above Vw d r ^ al tM nMpoM (cm) • Tranch metwd 
Figure 8-Relation between the observed water table heights for two 
methods of subsurface drain installation (trench and trenchless) 
through the 1990 and 1991 growing seasons. 
However, during the first two months (March, April) of the 
1991 growing season, the trenched drains were discharging 
at a slightly higher rate than were trenchless drains; 
nevertheless, during May and June, drains for both 
methods were draining at similar rates. 
The two-year data (1990 and 1991) on drain outflows 
were subjected to statistical analysis. The overall monthly 
drain outflow mean for the trenchless method was 4.0 and 
for the trench method of installation was 4.2 cm, but these 
means were not significantly different at the 0.05 level as 
determined by t- and f-tests (Table 4). Ten years after the 
drains were installed, the two methods had similar 
capacities for draining subsurface drainage water. This 
could be an important factor in making decisions on 
selecting drain installation methods. 
The two drain installation methods were also compared 
on the basis of percentage of rain water drained by each 
method. Total monthly drain flow as a percentage of total 
T A B L E 5. Monthly drain flow as percent of monthly rainfall 
Trenchless Trench 
Month 
Total Total Drain Total Drain 
Monthly Monthly Flow% Monthly Row% 
Rainfall Drain Flow of Drain Flow of 
(cm) (cm) Rainfall (cm) Rainfall 
Year 
1980 
1981 
1982 
1983 
1984 
1990 
1991 
Overall 
1990-1991 
Total 
Seasonal 
Rainfall 
(cm) 
80.50 
76.70 
73.30 
82.20 
71.40 
102.80 
89.17 
82.30 
drain installation methods 
Trench 
23.5 
19.8 
20.2 
28.2 
16.4 
23.1 
15.3 
21.3 
4.2 
Means 
\ Trenchless F Value 
Water Table Data 
37.2 
29.4 
30.8 
41.6 
20.5 
27.9 
17.0 
29.8 
11.07 
4.40 
5.13 
5.59 
0.56 
1.20 
0.27 
21.05 
Drain Outflow Data 
4.0 
* Means are significantly different at 0.01 level. 
t Means are significantly different at 0.05 level. 
0.002 
Pr>F 
0.0014* 
0.0390t 
0.0267t 
0.0209t 
0.4580t 
0.2780 
0.6070 
0.00011 
0.8870 
April 
May 
June 
July 
August 
September 
October 
Total 
March 
April 
May 
June 
July 
August 
September 
October 
Total 
10.2 
10.9 
17.5 
34.0 
19.5 
5.3 
5.4 
102.80 
4.20 
17.40 
17.80 
15.60 
5.90. 
12.50 
5.33 
10.44 
89.17 
199G 
0.03 
2.51 
6.22 
7.43 
5.22 
1.48 
0.73 
23.60 
1991 
2.37 
7.79 
9.19 
9.25 
0.07 
0.00 
0.00 
0.00 
28.67 
0.25 
23.03 
35.51 
21.85 
26.77 
27.83 
13.43 
-
56.46 
44.75 
51.60 
59.29 
1.22 
0.00 
0.00 
0.00 
0.26 
2.91 
6.38 
7.81 
5.40 
1.71 
1.58 
26.16 
3.50 
8.91 
9.20 
9.38 
0.15 
0.00 
0.00 
0.00 
31.14 
2.55 
26.70 
3643 
22.96 
27.67 
32.26 
29.26 
-
83.33 
51.18 
51.67 
60.15 
2.46 
0.00 
0.00 
0.00 
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monthly rainfall for various months of the 1990 and 1991 
growing seasons are shown in Table 5. The percentage of 
rainfall drained by the two drain installation methods was 
similar during all months of the 1990 growing season; in 
March 1991, however, 83% of rainfall became part of 
subsurface drainage under the trench method in 
comparison with about 56% of rainfall under the trenchless 
method. For rest of the 1991 growing season, the 
percentage of rainfall drained was similar (about 44 to 
60%) from the trench and trenchless methods. Similar 
results were reported by Kanwar and Kalita (1989). 
SUMMARY 
Experiments were conducted to study the effects of two 
subsurface drain installation methods (trench and 
trenchless) on the performance of subsurface drainage 
systems. The following conclusions were reached: 
• Water table measurements for the two periods (1980 
through 1984 and 1990 through 1991) show that 
differences in water table height, as affected by 
installation method, were reduced from a range of 
5 to 17 cm (from 1980 to 1984) to 2 to 4 cm (from 
1990 to 1991). 
• Statistical analysis of the water table data for the two 
drainage installation methods indicates that average 
deviations and standard errors ranged from 2 to 6 cm 
and from 1 to 5 cm, respectively, for 1990 through 
1991 (in comparison with average deviation and 
standard error values of 5 to 15 cm and 7 to 19 cm, 
respectively, for 1980 through 1984). 
• Analysis of variance of water table data showed that 
differences in means decreased with time. The means 
for 1980 through 1983 were significanrty different at 
the 0.05 level, whereas the means for 1984, 1990, 
and 1991 were not. These analyses thus indicate that 
differences between water table heights for the two 
installation methods were significantly reduced by 10 
years after installation. 
• The data on drain outflows for 1990 and 1991 show 
that the trench method drained water at a slightly 
higher rate than did the trenchless method, although 
the difference was not statistically different at the 
0.05 level. 
The results of this study clearly indicate that 
subsurface drains installed by the trench method 
performed better during a four-year period 
immediately after the drains were installed than did 
the drains installed by the trenchless method. After 
10 years, there was no significant difference in the 
performance of subsurface drains due to the method 
of installation. 
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